Objectives-To explore dietary risk factors, in particular fat intake, for breast cancer, using an approach to reduce recall bias of subjects and so provide a more reliable estimate of dietary intake than previous similar studies. Design-A case-control study of women aged 50-65 years attending the breast assessment clinics of the breast screening programme in Southampton and Portsmouth, southern England. Data were analysed for all women requiring further clinical procedures; all women recalled to have an early rescreen; and a random sample of women found to be normal and referred for a routine rescreening appointment (standard recall). Measurements-An interview obtained information on various lifestyle characteristics including smoking and alcohol intake, weight, waist, and hip measurements were also taken at the clinic. Women were given a detailed questionnaire on food intake to complete at home and return by post. Results-1577 women were included in the study: 220 with breast cancer (cases); 179 with benign breast disease; 353 early rescreen and 825 given a standard recall appointment. There were few diVerences in nutritional intake between the four groups. Logistic regression analyses were carried out comparing the dietary intake of cases with that of each control group adjusting for important demographic and reproductive factors. Results for the case and standard recall comparison are presented. The only non-calorific nutrient to reach significance was iron, which was negatively associated with risk (p=0.03). For fat intake, the odds decreased with increasing polyunsaturated fat (p=0.15), showed no trend with monounsaturated fat (p=0.37) and increased (p=0.10) with increasing saturated fat. No pattern was clear for the other calorie providing nutrients. Conclusions-In line with recent cohort studies, this study has shown no evidence to support the hypothesis that dietary fat is an important contributor to breast cancer rates. Biases should have been reduced by studying subjects from the screening programme who were at an early stage of disease.
The aetiology of breast cancer is uncertain. Various risk factors have been postulated. 1 Diet has been prominent among the hypothesised environmental risk factors but few, if any, constituents of the diet can definitely be associated with the disease. Most risk factors are associated with only a modest increase in risk. The American Cancer Society has estimated that only about one quarter of breast cancer cases can be accounted for by known risk factors. 2 It is important to discover if diet is involved in the aetiology of breast cancer, as it is more amenable to change than some other risk factors (for example, age at menarche).
Dietary fat has long been suspected of playing a part in the aetiology of breast cancer. Animal experiments in the early 1940s showed a positive relation between a high fat diet and risk of mammary gland cancer. 3 A metaanalysis of animal experiments has shown that not only is total fat consumption a risk factor but also type of fat is important, linoleic acid (a polyunsaturated fat) and lard (a saturated fat) may increase risk, whereas fish oil (also a polyunsaturated fat) may be protective. 4 Ecological studies have shown a positive relation between a high fat diet and risk of breast cancer mortality: both between countries and over time in the same country. [5] [6] [7] However, the findings of these studies are limited. Average per capita consumption data take no account of individual diVerences in dietary practices and there may be other factors related to fat intake that are the real cause of the high correlations. Migrant studies have shown an increase in breast cancer rates with increasing fat intake. 8 Case-control studies relevant to fat and breast cancer have reported conflicting results. A review of 35 case-control studies showed increasing risk in association with high meat consumption in 12 studies. Fourteen of the studies presented odds ratios for total fat intake. Most of the studies suggested an increase in risk of breast cancer with higher fat consumption, but only two had confidence intervals excluding unity. 9 One study suggested a protective eVect of a higher fat diet. 10 A metaanalysis of 12 case-control studies showed a statistically significant increased risk of breast cancer in women who consumed more fat, primarily because of intake of saturated and monounsaturated fats, rather than polyunsaturated fat. 11 A disadvantage of case-control studies is that misclassification may arise because of bias in selection of patients and bias in recall of past diet. Recall of usual pre-disease intake is influenced by current, diVerent diet, 12 13 and possibly also by knowledge of highly publicised hypotheses.
Cohort studies are not subject to the same recall and selection biases because dietary intake data are collected before the onset of disease. A review of 17 cohort studies 9 showed that for all except one poorly designed study there was no increased risk of breast cancer associated with higher consumption of either total or saturated fat. It may be that within any cultural group the range of fat intakes is too narrow to observe an eVect.
14 However, a pooled analysis of seven cohort studies found no evidence of a positive association between total fat and breast cancer. Even among those with energy intake from fat less than 20 per cent of total energy intake there was no reduction in risk. 15 DiVerences in results between the cohort studies and case-control studies may result from methodological biases.
The role of other nutrients and breast cancer risk has also been explored, in particular, antioxidant vitamins, fibre, and alcohol. Vitamin A (in particular carotene) and vitamin C are markers of fruit and vegetable intake. Available data support a modest protective eVect of vitamin A.
11 16 17 Vitamin C has been shown to be protective in some, 11 but not all studies. 18 Perhaps because less is known about micronutrients by the general population recall bias has not been demonstrated for these nutrients in a case-control study. 19 Dietary fibre has been suggested to be protective against breast cancer, although the eVect may be small. 20 Total energy intake has also been implicated through promotion of growth in height and weight. Postmenopausal women show an increase in risk with increasing height and weight. There seems to be an inverse association of breast cancer risk with body mass index premenopausally.
Our aim was to explore dietary risk factors for breast cancer in a case-control study. The approach used methods to reduce recall bias of the subjects and thus provide more reliable estimates of dietary intake than previous casecontrol studies.
Methods
Details of the screening programme and sampling procedure have been described previously. 21 In summary, women aged 50-65 years, who attended the breast assessment clinics of the breast screening programme in Southampton and Portsmouth (in southern England) over two years (1990-2) were invited to participate in the study. On entering the clinic, the women first had further mammography and were then interviewed by the study fieldworker, after which they were seen by the consultant. Information from the interview was taken before the women knew the results of the mammogram.
The interview obtained information on marital status, occupation, height, smoking, and alcohol intake and included a short (25 item) food frequency questionnaire. Weight, waist, and hip measurements were taken. As time at the interview was limited, a more detailed questionnaire on food intake was given to each subject to complete at home and return by post. This questionnaire, adapted from a previously validated food frequency questionnaire 22 23 included 141 food and drink categories. Subjects could specify how much of these foods were usually eaten and how often they ate them over the last year. Allowance was made for summer and winter variations in consumption of vegetables and seasonal variation in fruit intake. Detail on types of fat used for cooking and spreading was obtained. The postal questionnaire included further questions on smoking, reproductive history, and views of the breast screening service. The longer dietary questionnaire was analysed using a specially adapted computer programme. 24 Data were entered onto computer for all women requiring further clinical procedures; all women recalled to have an early rescreen; and a random sample of the women who were found to be normal and referred for a routine rescreening appointment (standard recall). Each week the number of women in the first two groups was counted and twice this number of normal women were randomly selected for analysis as the standard recall group. Subjects to be included in the analysis who had not returned the postal questionnaire after three weeks were sent a reminder letter and further questionnaire. Women were followed up and those who were subsequently found to have breast cancer were analysed as cases. Three control groups were formed (a) women who were diagnosed with benign breast disease; (b) the early rescreen group and the standard recall group.
Over the data collection period some women in the early rescreen group returned for a repeat visit. These women were invited to participate again in the study to assess repeatability of the questionnaires. Repeat data were not included in this analysis.
DATA ANALYSIS
The data were analysed using Stata. 25 Simple descriptive statistics were calculated for the demographic, reproductive, and diet related variables measured by the two questionnaires on the four groups: cases; benign breast disease; early rescreen; and standard recall. Subjects with missing nutritional information were compared with those with complete data using logistic regression to assess diVerences in disease status, demographic, and reproductive details. Completed values for each case and control group of subjects were compared with the UK National Diet and Nutrition Survey (NDNS). 26 Unconditional logistic regression models were fitted to analyse the nutritional data for each control group. These were made up of three components: important demographic and reproductive factors determined from previous modelling 21 (age group at screening, age at menarche, age at first birth, social class, body mass index, and smoking); components of calorie intake (alcohol, complex carbohydrates, protein, polyunsaturated fat, monounsaturated fat, saturated fat, cholesterol, and sugar); and non-calorific nutrients ( carotene, calcium, fibre, iron, retinol, vitamin C, vitamin E, and zinc). Full models, including all three components, were fitted using quartiles of nutrient values. As this study was primarily concerned with dietary fat, non-calorific nutrients were eliminated from reported models unless at least one quartile attained a statistical significance of 10%. From the final model, an estimate of the odds ratio and 95% confidence intervals were calculated for each quartile of nutrients remaining in the model. Evidence of a linear trend in the odds ratios for quartiles of each nutrient was also tested.
To assess possible under-reporting, estimated basal metabolic rates were calculated from anthropometric data 27 and compared with self reported dietary intakes of energy.
Results
Interviews were carried out on 1947 women (98% response) in Southampton and 1280 women (96% response) in Portsmouth. From this number, 1813 subjects were chosen for further study. 21 Of these, 87% (1577) returned the postal questionnaire with usable dietary information. We found no evidence that the 236 women with missing nutrient values had diVerent distributions of the demographic and reproductive characteristics, nor of disease status, though they were more likely to have missing reproductive data.
The 1577 subjects consisted of 220 women with breast cancer (cases); 179 women with benign breast disease; 353 women called back for an early rescreen and 825 who were given a standard recall appointment.
Summary statistics for nutritional intake (table 1) are given in a format comparable to that given by the NDNS report. 26 Few diVerences in nutritional intake were apparent between the four groups in this study. Although subjects had a similar intake of calories to the NDNS, a smaller percentage of total energy came from fat intake. Our subjects also had higher intakes of most vitamins and minerals measured.
Adjusted odds ratios and 95% confidence intervals are shown for the logistic regression model comparing dietary intake for cases with that of the standard recall controls only (table  2) , as results from other comparison groups were not materially diVerent. The only noncalorific nutrients remaining in the model after exclusions were iron and vitamin E. Subjects with iron intakes above the median value were at half the odds of those with intakes below the median. Subjects with vitamin E intake above the reference category had increased odds with some slight evidence of linear trend (p=0.10). For fat intake, the odds decreased with increasing polyunsaturated fat (p=0.15), showed no trend with monounsaturated fat (p=0.37), and were increased with increased saturated fat, although no trend was apparent (p=0.10). No pattern was clear for other calorie providing nutrients. Comparisons were made between the cases and the other control groups and similar results were found. The ratio of energy intake (MJ) to the calculated basal metabolic rate for those subjects with recorded height and weight is shown for the four groups separately (table 3) . Little difference was apparent between the groups. A higher proportion of subjects in this study than in the NDNS had low ratios indicating possible under-reporting.
Discussion
The response rate to this study was high. Of those interviewed who were to be analysed, 87% returned the postal questionnaire with usable dietary information.
The method chosen to assess dietary intake was a food frequency questionnaire (FFQ). This method asks subjects to describe their usual intake of foods rather than measuring actual intake. When carefully designed, FFQs have been shown to provide valid and repeatable measures of nutrient intake. 28 The FFQ used in this study had been previously validated in an Australian population, 22 23 it was then piloted and adapted for use in our study population.
The FFQ is the most appropriate dietary assessment method for large scale epidemiological studies. It can be completed by the study subjects and does not entail complicated weighing or recording procedures, which can lead to changes in diet or under-reporting of actual foods consumed. 29 Measures of diet that do not rely on subjects recording intake in some way entail invasive blood tests. Reliable biological markers for all nutrients consumed are still not available. FFQs have been shown to give results which correlate significantly with some blood measures including carotene and tocopherol. 30 The FFQ relies on memory for recall of usual consumption of food items. It is probable that subject's memories are equally unreliable across all groups, resulting in a dilution of any eVect of diVerent dietary intake between groups rather than bias in one direction or another. Recall bias can occur in case-control studies, because recall of diet before the disease onset will be biased towards current dietary intake, which may be diVerent, having changed as a result of the disease. 12 13 This study aimed to limit this bias by using subjects from the screening programme. This gave two main advantages over other case-control studies: subjects would be at an early stage of disease, possibly before any dietary changes resulting from the disease; and the interviews took place at a time before the subjects knew their diagnosis.
The results showed no statistically significant trends in nutrient intake between the cases and the control groups for fat intake. This is in agreement with most recently published results from cohort studies. 9 15 31 32 There was a suggestion from our study that risk may increase with increased saturated fat intake. The only cohort study that has shown an effect of a high fat diet was the NHANES study, which suggested a protective eVect of total fat and saturated fat on breast cancer. 33 However, the authors acknowledge methodological problems with the dietary assessment and this study scored poorly in a review of published studies. 9 The same review looked at 35 case-control studies, of these 14 presented odds ratios for estimates of total fat intake. Most of these studies tended to suggest an increased risk of breast cancer with higher fat intake, though only two were statistically significant. One study suggested a protective eVect of a higher fat diet. 10 Another review of 12 case-control studies that had carried out a combined analysis, showed a statistically significant positive association between breast cancer risk and saturated fat intake in postmenopausal women. 11 We believe that the principal reason our case-control study contradicted these is that recall bias was reduced in our study. A case-control study carried out in Sweden also using subjects from a mammography screening programme did not find any increased risk with high fat intake. 34 Polyunsaturated fatty acid (PUFA) intake showed a non-significant protective eVect for all three case-control comparisons. Most case-control studies have not shown any significant eVect of PUFA on breast cancer risk 11 although one study in Singapore has shown a significant protective eVect of PUFA. 35 Cohort studies have also not shown any eVect of PUFA on breast cancer risk. Polyunsaturated fat has been suggested to be a promoter of breast cancer, but in particular it is the n-6 series of fats, which are derived from vegetable oils that seems to have this eVect. On the other hand, PUFA from the n-3 series derived from fish oils may inhibit tumour development. 36 The nutrient intakes for our sample show diVerences to dietary intake from the National Diet and Nutrition Survey (NDNS) 26 (table 1) . NDNS used a seven day weighed intake to assess dietary intake, recording actual rather KEY POINTS + This study design aimed to reduce recall bias associated with dietary recall in case-control studies. + No statistically significant trends in fat intake were found between cases and controls. + Iron intake was consistently protective across all three control groups compared with cases.
than usual intake. In the NDNS, median total energy intake for women aged 50-64 years was 1620 kcal, this result was similar to our survey. It is known that weighed intakes lead to underreporting and the NDNS found that 47% of women surveyed had an energy intake to basal metabolic rate ratio of less than 1.2. Habitual intakes of this order are unlikely to meet requirements, suggesting that under-reporting in the national study had occurred. 26 In our study about 55% of the women had energy intake to basal metabolic rate ratios of less than 1.2. However, our study had higher intakes of protein, CHO, sugars, fibre, vitamin C, carotene, calcium, iron, and zinc than the NDNS suggesting that under-reporting for all nutrients was not a problem. Reported fat intakes were lower in our study. In particular saturated fat intake was lower in our study. It is possible that the FFQ used here was underestimating fat, particularly saturated fat intake. As fat was the focus of the study, however, it would be more likely that the FFQ would overestimate intakes. It is also possible that the women in our study were eating a lower fat diet than was found by the NDNS. The fieldwork for the NDNS was carried out in 1986-87. Since then health promotion has been emphasising reducing fat in the diet and more low fat products are available. There is some evidence that absolute fat intakes have been decreasing over the past decade. 37 Further work is needed to compare the food sources of nutrients in diets from our sample with NDNS results.
Vitamin C intakes were particularly high in our study. This may reflect the comparatively aZuent nature of the population being studied because vitamin C intake and social class are positively correlated. 38 Fibre intakes were also high. The subjects in our study may have been health conscious and eaten a healthier diet than the majority of the population. 26 They had already indicated their interest in health issues by attending the screening clinic.
Iron intake showed a consistently protective eVect across all three control groups when compared with cases. Only two epidemiological studies have reported iron intake in relation to breast cancer, 39 40 although neither of these found statistically significant associations. Iron intakes in our study were 2-3 mg higher on average than those found for women of similar age in the NDNS. 26 Iron in the diet comes mainly from cereals, meat, and vegetables. In an ecological study there was a highly negative correlation of cereal intake with breast cancer mortality in England and Wales over a 50 year period. 41 Epidemiological studies have shown that people with high body stores of iron are at increased risk for cancer and animal studies have shown that tumour cells need iron to grow. 42 The results of our study do not support these findings. This study only measured dietary intake of iron from food, however, and took no account of iron supplement use. Supplementary iron has been shown to provide 15% of women's average intake from all sources. 26 There was a suggestion from these data that vitamin E intake increased odds of breast cancer, although the test for trend was not significant. Vitamin E is generally thought to have a protective eVect. It functions as an antioxidant, particularly in cell membranes where it plays a part in protecting the body from lipid-peroxide generated damage; it also inhibits the formation of carcinogenic nitrosamines and nitrosamides. 43 A review of five case-control studies that looked at dietary intake of vitamin E and breast cancer found that three studies showed a protective eVect for vitamin E while the other two did not. 43 In line with recent cohort studies, this study has shown no evidence to support the hypothesis that dietary fat is an important contributor to breast cancer rates. It is unlikely that dietary fat intake has an important influence on breast cancer risk, unless this influence occurs much earlier in life.
